A computer program which simultaneously calculates glucose disappearance rates after intravenous injection using three different mathematical equations is described. This program has been applied to the results obtained from several groups of pregnant women. The reasons for suggesting that the "absolute K value" may be preferable on practical grounds are discussed. This program, written in Fortran, is available on application to I). W. Neill.
The intravenous glucose tolerance test (I/V GTT) has not been widely used in clinical practice, largely because of difficulties of interpretation of the result. These stem from two sources, the need to plot an actual graph of the results and the more theoretical arguments as to which equation to use to best describe this graph.
The primary advantage of a computer in this situation is to eliminate the tedious problems of draughtsmanship which are subject to human error, but this approach will also allow a more rigorous comparison between the different methods of data analysis which are available.
The aim of the present study was to derive a serie~ of computer programs applicable to this problem. Our chief use of the intravenous GTT has recently been in the assessment of minor differences in glucose tolerance during pregnancy in the potentially diabetic mother [1] and we have used the computer to facilitate the analysis from the clinical standpoint.
We have applied the programs to our own results in two separate groups of mothers, and also for purposes of comparison to the published data [2] which have been accepted as the best available normal control series at present.
Theory of various methods of data analysis C 1. Symbols used are defined as follows: Glucose concentration at any time, measured in rag/ 100 ml. t time in rain. All times are measured from the end of the glucose injection. Co Glucose concentration in the first specimen taken after injection. Cf fasting glucose concentration. Ceq theoretical 'equilibrium' glucose concentration. K rate constant for glucose disappearance.
2. Hamilton and Stein [4] proposed the equation: C = Coe-~t [A] to describe the disappearance of glucose from the blood after injection. Since log C = logCo --Kt the value of K is obtained as the regression coefficient of log C on t.
We have performed this calculation in two cases: a) Using all the results, except the fasting value: i.e. all the results after about ten minutes. The rate constant obtained is designated 10Kg. b) Using all the results except the fasting value and the first value after injection: i.e. all the results after about twenty minutes. The rate constant obtained is designated ~0Kg.
3. Amatuzlo et al. [5] proposed the equation" C = (Co --C~)e "~:t + C~ []3] assuming that eventually the glucose concentration returns to the fasting value. In this case:
log (C --C0 = log (Co --Cf) --Kt and the value of K is obtained as the regression coefficient of log (C --C~) on t. Two calculations are again performed, yielding rate constants designated as 10Kf and 20Kf.
4. Greville [6] proposed the equation: 
Methods and Patients
The I/V GTT in the Belfast patients was carried out as previously published. A problem has been to determine how many blood sugar samples are necessary to obtain an acceptable degree of accuracy, and at what times to take them after the intravenous glucose injection, l~or this reason the results from two sets of patients are presented, and are compared with two sets of standard data.
1. R.M.H. Group 1.39 mothers attending the antenatal clinic of the Royal Maternity Hospital in whom an I/V GTT was requested for one of the standard criteria (see program documentation). These tests were standardised to obtain at least 6 to 8 specimens for blood glucose over a period of 60 rain after the injection.
2. R.M.H. Group 2.74 mothers, similarly selected. The timing of these tests was more variable, rarely extending beyond 30 rain and there were not more than 5 specimens.
3. The data obtained by Silverstone and his colleagues for 'normal' (not potentially diabetic) mothers [2] during the third trimester of pregnancy has been utilised for purposes of comparison. 1130 with an 8K memory, and associated peripheral equipment includes a card reader, lineprinter, and random-access disk storage.
2. The suite of programe was written in the subset of Fortran IV available on the 1130, and use was made of the Fortan extended precision capabilities to ensure accuracy.
3. The input medium used is punched cards. For each patient the following data is provided: a) patient's name, initials and hospital number; b) patient's ward and/or department; c) date of test, coded as day of year; d) a maximum of ten results for time (recorded on a 24-h clock scale) and glucose concentration (as rag/100 ml); e) in the case of pregnant women, the age and weight of the mother and the maturity and parity of the preganey, and f) the reason for the test, coded as follows" 0 not stated 1 glycosuria 2 big baby 3 abnormal random blood sugar 4 previous abnormal GTT 5 family history of diabetes 6 abnormal baby 7 unexplained stillbirth or neonatal death 8 maternal weight over 200 lb 9 unclassified. 4. The programs perform two main functions : a) short-term: for each patient a report giving the values of 1oKg, ~0Kg, leKf, ~0Kf, Keq, Ceq, and C~ is printed. b) long-term: a card containing the above details is punched, which will be used in follow-up statistical surveys.
5. The programs operate as follows: a) Program 1 reads the input data from punched cards and writes it into a disk file, where all results are stored prior to computations. It also checks for the presence of certain (predefined) preoperative error conditions such as data missing, incorrectly punched, or out of sequence. If an error condition exists, all data from the patient concerned is ignored, and an appropriate diagnostic message is printed on the console typewriter. The computer operator may then correct the error and resubmit the data for the patient concerned. After all the data has been read,
Results
The means (and standard errors of these means) for the calculated functions in the different groups are shown in Table 1 .
For Group 1, there is little difference between the Kg values calculated with or without the first blood glucose value after the I/V injection (10Kg and ~0Kg). The variability of the results of the different methods of deriving the glucose disappearance rate is shown by the coefficient of variation in Table 1 . There is least variability of the loKg value in all instances except the figure derived from the data published for normal pregnancy (group 3) where the variability of Keq is less: however this finding is not supported by between the calculated equilibrium and fasting values for blood glucose. There is again very close correlation between the computer value for 10Kg and that obtained by graphical means (Kgrap ~). These patterns of correlation are again repeated in groups 2 to 4. The means and normal ranges (mean d~ 2 S.D.) throughout normal pregnancy for 108 of the glucose tolerance tests published [2] In all cases the upper figure is the mean, of variation.
the middle is the standard error of the mean, and the bottom the coefficient *** *** *** *** *** P < 0.0Ol ** P < 0.01 * P < 0.05 computer analysis of other data of Silverstone and his colleagues, and for his total group of 108 patients, the 10K~ value is also the least variable. Table 2 shows the correlation coefficients and associated significance values for these results. For Group 1, there is very close correlation between 10Ks and ~oKg, loK~ and loKr, and loKr and 2oKr. There is less useful correlation between loKz and Keq or loKr and Keq, although these still achieve significance. There is some correlation between the two equilibrium constants derived from the equation [C], but none
Discussion
The "K values" derived from the same blood glucose data using the three available equations [A], [B] and [C] show very considerable differences chiefly of magnitude but also of variability. These differences are entirely due to different methods of data handling, and have little or no bearing on the biochemical processes which are taking place. Our primary aim would be to find an equation which best represents these biochemical processes in the clinical situation, and this would require a more detailed examination of the glucose assimilation process from the theoretical viewpoint [3] . Nevertheless using a mathematical approach, this investigation suggests that the value calculated as 10Ks, being the least variable, is preferable on purely practical grounds despite some reservations about the theoretical basis of equation [A] . Butterfield and his colleagues [8] in a critical appraisal of the I/V GTT using a computer program to derive Kg and glucose disappearance rates, also showed that the 'absolute index' Ks gave the highest correlation coefficients with various other parameters of glucose disposal.
There is virtually no difference in rate cor~stants calculated with or without the 10-min value: this suggests that the appropriate biochemical processes are already established by this time and that this is not a point of major inaccuracy in the interpretation of the I/V GTT. There is a wide numerical difference between the rate constants calculated by equations [A] and [B] , although the results are closely correlated. This is not surprising as the first case represents the rate of decrease of absolute blood glucose value while the second represents the rate of decrease of the increment above fasting: since the latter function falls equally fast towards a 'higher' zero the rate constant is consequently greater.
Another aspect of the clinical use of glucose tolerance tests is the physical discomfort involved to the patient: any technique which reduces this, consistent with the required degree of statistical accuracy, would be desirable. There has been a tendency, as long as a graphical display of the I/V GTT has been necessary, to ask for at least 8 specimens during the hour following the injection of glucose: even with an indwelling cannula this can be tedious to both patient and the person performing the test. For this reason we were interested in the comparison of groups 1 and 2, the latter representing a shortened (30 rain) procedure with only five specimens. The standard errors for group 2 are very comparable to group 1 in both cases at about 5% of the mean. For routine clinical purposes, it would appear that acceptable data can be obtained with less rigorous procedures than those often advocated, when a computer program is available to improve the data handling facility.
Equation [C] has theoretical attractions, particularly because it includes [A] and [B] as special cases when Cer ~ 0 and Ceq----Cf respectively. However, in practical terms K~ is slightly less reproducible than i0Kg. Also the small degree of positive correlation between the two constants Keq and Ceq means that they cannot be considered as entirely independent functions in considering the underlying biochemical processes. A further disadvantage of equation [C] is the very wide variability of Ceq, which can only be considered a most theoretical function as it is frequently negative. There is no correlation between Cer and C~.
Finally, it is salutary that there was such good correlation between the computer analysis of 10Kg and the laborious graphical determination of this function: although all these graphs for the ]~.M.H. data were drawn and analysed by the same person, there appears to be a slight but consistent tendency to overestimate by hand.
We have added the analysis of the data of Silverstone and of Persson to our own results in order to emphasise the usefulness of the computer program, which would enable comparisons between different workers who have uti]ised alternative methods of analysis to be more easily made.
